The photometry data base of the second phase of the OGLE microlensing experiment, OGLE-II, is a rich source of information about the kinematics and structure of the Galaxy. In this work we use the OGLE-II proper motion catalogue to identify candidate stars which have high proper motions. 521 stars with proper motion µ > 50 mas yr
INTRODUCTION
Several microlensing collaborations have carried out survey observations of many square degrees towards the Galactic centre, including the EROS (Aubourg et al. 1993) , MACHO (Alcock et al. 2000) , MOA (Bond et al. 2001; Sumi et al. 2003a ) and OGLE (Udalski et al. 2000) groups. As a result of these extended survey campaigns, large data bases were generated, containing the photometry of millions of stars in and towards the Galactic centre. These data bases can be used to investigate the structure, kinematics and stellar populations of the central regions of the Galaxy. For instance, red clump giants in the OGLE-II photometry database were used to constrain the shape and orientation of the Galactic bar (Rattenbury et al. 2007b) .
Many fundamental parameters of stellar astrophysics such as mass, temperature and luminosity, are derived from the observation of stars in the solar neighbourhood. Our understanding of the nature of the Galaxy is also advanced through studies of the kinematics, chemical abundance and mass function of these nearby stars. A census of nearby stars has not been achieved however, with estimates of the sample deficit ranging from ∼ 25% of stars within 10 pc (Reid et al. 2003) to 30% (Henry et al. 1997) .
We select high proper motion stars from the OGLE-II proper motion data base (Sumi et al. 2004 ) and crossidentify them with known high proper motion stars from the MACHO high proper motion catalogue (Alcock et al. 2001) . We obtain photometric distance estimates for OGLE-II high ⋆ e-mail: (nicholas.rattenbury,shude.mao)@manchester.ac.uk proper motion stars which have corresponding entries in the DEep Near-Infrared Survey of the southern sky (DENIS) (Epchtein et al. 1997; The Denis Consortium 2005) . In Section 2 we describe the OGLE-II proper motion data base and in Section 3 we describe how the high proper motion candidate stars were selected. Section 4 describes how the crossidentification was made between the OGLE-II high proper motion star candidates and entries in the DENIS data base. In Section 5 we produce photometric distance estimates for OGLE-II stars cross-identified with DENIS stars. Stars with photometric distances < 50 pc are cross-identified with entries in the Two-Micron All Sky Survey (2MASS) catalogue and compared to a set of known cool dwarfs in Section 6. Section 7 contains a discussion on our results.
OGLE-II PROPER MOTION CATALOGUE
During the second phase of the OGLE experiment (OGLE -II), between 1997 and 2000, the Galactic centre was observed in 49 fields using the 1.3m Warsaw telescope at the Las Campanas Observatory, Chile. Each field was 0.24
• × 0.95 • in size, the median seeing over the almost 4 year baseline was ∼ 1.3 arcsec. The OGLE-II fields extend across the central regions of the Galactic bulge with −11
• < l < +11
• and −6
• < b < +3
• , see Figure 2 . Further details of the telescope, camera and operations can be found in Udalski et al. (1997) . Sumi et al. (2004) determined the proper motions for millions of stars in the OGLE-II fields. The catalogue contains proper motion data for all stars with magnitudes in the range 11 I 18, and includes proper motions up to µ = 500 mas yr −1 , with an accuracy of better than 1 mas yr −1 for stars with 12 < I < 14. The catalogue of proper motions of stars in the OGLE-II fields (Sumi et al. 2004 ) extended the work of Sumi et al. (2003b) where the streaming motion of stars around the Galactic bar was observed using OGLE-II proper motions in one field, as predicted by Mao and Paczyński (2002) . Other work which uses the full proper motion catalogue includes the comparison of proper motion dispersions to model predictions (Rattenbury et al. 2007a ).
HIGH PROPER MOTION (HPM) SAMPLE
Candidate high proper motion stars are selected using the following criteria:
µ > 50 mas yr −1 σµ/µ < 0.1 where µ and σµ are the star proper motion and error, respectively. Out of a total of 5080236 stars in the OGLE-II proper motion catalogue, 18907 have proper motion µ > 50 mas yr −1 . Approximately 5% of stars have σµ/µ < 0.1. 521 stars satisfy both the above criteria and form the set of high proper motion candidates for this work. A proper motion of 50 mas yr −1 at 100 pc corresponds to ≃ 24 km s −1 . Alcock et al. (2001) report 88 high proper motion stars in the MACHO Galactic bulge fields. 9 MACHO high proper motion stars are located within the OGLE-II fields. For each of these 9 stars, the nearest OGLE-II star is identified, see Table 1 . There is reasonable agreement between the MA-CHO and OGLE-II proper motion data, see Figure 1 : all are within 2σ of each other, except for one star. Figure 2 shows the MACHO and OGLE-II fields, along with the 88 MA-CHO high proper motion stars and the sample of OGLE-II high proper motion star candidates.
Cross-identification with MACHO HPM stars

Reduced proper motion
We compute the reduced proper motion
where µ is the proper motion in arcsec yr −1 and I is the OGLE-II I-band magnitude. Extinction is neglected as it is not expected to be a significant effect for the nearby stars of interest. Figure 3 shows the reduced proper motion of the high proper motion candidate stars as a function of (V−I). For illustrative purposes, the reduced proper motion expected from a hypothetical pure hydrogen white dwarf (Bergeron et al. 1995) located at a distance of 10 pc with a proper motion of 100 mas yr −1 is included in Figure 3 . A fainter or faster white dwarf would move the line relatively downwards. Similarly a brighter or slower white dwarf would move the line upward. Figure 3 shows that most of the stars in the OGLE-II high proper motion star sample are too red to be classified as white dwarf candidates. The bluest high proper motion stars which have colours consistent with white dwarfs are more likely to be late G-type stars, rather (Alcock et al. 2001) ; the errorbars on the OGLE-II proper motions are from the OGLE-II proper motion catalogue of Sumi et al. (2004) . than nearby (< 10 pc) white dwarfs (Reylé et al. 2002) . Infrared photometry is necessary in order to more accurately determine the stellar type of these high proper motion candidate stars.
The proper motion in the Galactic co-ordinate longitude and latitude directions, µ l , µ b , respectively is shown in Figure 4 for the sample of 521 high proper motion stars. There is a clear preferred direction in the average motion of these stars. This is most likely to be due to the motion of the Sun with respect to the local standard of rest. The direction of the antapex is indicated in Figure 4 , corresponding approximately with the average proper motion. This supports the theory that many of these stars are local disk objects.
Parallax distance determination
The high proper motion stars are expected to display pronounced astrometric parallax signatures in their recorded position. The position of the high proper motion stars was fitted with a model similar to that of Soszynski et al. (2002) which includes parallax terms. However, as noted by Eyer and Woźniak (2001) and Sumi et al. (2004) the influence of differential refraction is correlated with the effect of parallactic motion for stars in the Galactic bulge. A reliable parallax distance estimate for these stars was therefore not possible.
CROSS-IDENTIFICATION WITH DENIS
The OGLE-II I band filter response closely approximates the standard BV I system but diverges from standard (Landolt 1992 ) magnitudes for increasingly red objects . For this reason we cross-correlated Table 1 . Cross-identified MACHO high proper motion stars from Alcock et al. (2001) with candidate stars from the OGLE-II proper motion catalogue (Sumi et al. 2004) . Data from the MACHO and OGLE-II data sets are given in columns 1-5 and 6-12 respectively. µ l and µ b are the proper motions in the Galactic longitude and latitude directions respectively, measured in mas yr −1 . F is the OGLE-II field number. l and b are the Galactic co-ordinates of the star and ∆φ is the vector difference in star position between the OGLE-II and the MACHO catalogues, measured in arcsec. The accuracy of MACHO proper motions is ∼ 5 mas yr −1 . V − I and I denote the OGLE-II colour and magnitude of each star. The MACHO stars 101.20908.263 and 104.20908 .6076 have very similar positions and proper motions and are cross-identified with only one OGLE-II star. Table 1 ) are shown as solid blue squares. The solid black line is derived from the theoretical luminosity model of a pure hydrogen white dwarf from Bergeron et al. (1995) , located at a distance of 10 pc with a proper motion of 100 mas yr −1 . OGLE-II high proper motion candidate stars with the DE-NIS near infra-red survey.
The DENIS survey data base contains photometry in the optical band I (0.8 µm), and the near-infrared bands J (1.25 µm) and Ks (2.17 µm) for the entire southern sky (Epchtein et al. 1997) . The DENIS data base was searched for counterparts to stars in the sample of OGLE-II high proper motion stars. The DENIS data available online 1 use epoch J2000.0, corresponding to that used by the OGLE-II and MACHO catalogues. The OGLE-II data base has an internal positional accuracy of 0.15 -0.20 arcsec and is cross-identified with the Digital Sky Survey (DSS) which has a maximum systematic error of 0.7 arcsec . The most pessimistic 3σ positional error for an OGLE-II star is therefore ≃ 3 arcsec. The DENIS frames are referenced to the USNO-A2.0 catalogue which has a ∼ 1 arcsec accuracy (Phan-Bao et al. 2001) . The DENIS 3σ astrometric precision is also therefore ≃ 3 arcsec (see also Reylé and Robin 2004) . The closest DENIS star within a search radius of (3 2 + 3 2 ) 1/2 ≃ 4 arcsec around each OGLE-II high proper motion star was determined. 241 OGLE-II high proper motion star candidates had counterparts in the DENIS database within an error circle of 4 arcsec.
PHOTOMETRIC DISTANCES
We plot the (I, I − J) colour-magnitude diagram for OGLE-II high proper motion candidate stars with likely DENIS counterparts in Figure 5 . Based on the range of theoretical luminosity models (see below) we identify stars with colour I − J < 0.6 as white dwarfs; 0.6 < I − J < 1.0 as G or K-dwarfs; 1 < I − J < 3 as M-dwarfs and stars with colour I − J > 3.0 as possible brown dwarf candidates. Reylé and Robin (2004) note that stars with I −J 0.7 can be either distant red dwarfs or close white dwarfs. The theoretical luminosity-colour relations for these different stellar types are also shown in Figure 5 : for pure hydrogen white dwarfs (Bergeron et al. 1995) ; G/K dwarfs with metallicities [Fe/H] = 0.0, −1.0, −2.0 and −2.5 (Lejeune et al. 1997) and M dwarfs with metallicity [Fe/H] = 0.0 (Baraffe et al. 1998) . These theoretical models are used to derive distance estimates for the sample of high proper motion stars. Tables 2 and 3 show the distance estimations for the stars which are classified as either G/K dwarfs (Table 2) or M dwarfs (Table 3) , using the corresponding theoretical luminosity models. We note that in Table 2 there are up to four distance estimations for stars, depending on metallicity. Reylé et al. (2002) use the Besançon population synthesis model (Robin et al. 2003) to simulate the stellar populations in the direction of their high proper motion sample in order to discriminate between different Galactic populations. By identifying regions in the reduced proper motioncolour diagram corresponding to spheroid, thick disc and disc populations, Reylé et al. (2002) were able to apply the most appropriate metallicity value for each star. A similar clear discrimination between Galactic stellar populations using the Besançon model in the direction of the OGLE-II fields was not possible. Distances for G/K stars derived from all applicable theoretical models are therefore presented in Table 2 , however we note that the metallicity for disk stars is most likely to be −1 [Fe/H] 0 (Edvardsson et al. 1993; Ibukiyama and Arimoto 2002) . For this reason, more weight should be given to the first two distance estimates in column 7 of Table 2 . None of the stars in Table 2 is likely to have d < 50 pc and are therefore not dealt with further in this study.
One star in the OGLE-II high proper motion sample has a DENIS I − J colour (0.3) and I band magnitude (14.42) consistent with a close white dwarf. The photometric distance determined using the bright main branch (I < 14 for a white dwarf at 10 pc in Figure 5 ) of the theoretical luminosity model for a pure hydrogen white dwarf of Bergeron et al. (1995) is 18 +1 −1 pc. Using the faint branch gives a distance of 4 +1 −1 pc.
SEARCH FOR NEARBY COOL STARS
The 44 OGLE-II high proper motion star candidates with distances d < 50 pc in Table 3 were cross-identified with entries in the 2MASS (Cutri et al. 2003 ) database of JHKs photometry and are listed in Table 4 2 . 37 of these have counterparts in the 2MASS database within an error circle of 1 arcsec. The photometry of bright stars in the DE-NIS catalogue potentially suffers effects due to saturation. We cross-identified our sample of DENIS objects with the 2MASS catalogue to obtain more accurate photometry, and to highlight instances of mis-identification. Furthermore, the 2MASS absolute astrometry accuracy is 70 -80 mas for stars with 9 < Ks < 14 (Cutri et al. 2005) .
A total of 270 OGLE-II high proper motion star candidates had counterparts in the 2MASS database within an error circle of 3 arcsec. We note however that the DENIS I magnitudes and I − J colour were required to apply the theoretical luminosity functions above. Table 4 lists 43 stars with proper motion µ > 50 mas yr −1 , distance < 50 pc and stellar type consistent with late M dwarfs or early L type stars. The distance estimate is derived from the DENIS photometry, and the corresponding 2MASS colour and magnitude for these stars are consistent with cool dwarf stars. It is possible that a fast-moving nearby star in the OGLE-II proper motion catalogue has been falsely cross-identified with a distant red giant star in the DENIS catalogue. Categorizing this star as an M-dwarf on the basis of DENIS I − J colour would consequently result in a small distance, and thereby MJ values appearing to be consistent with those of late type M, or L stars. The majority of DENIS stars in Table 4 have a counterpart in the 2MASS catalogue within 1 arcsec. However, mis-identification is most likely to arise during the cross-identification between the OGLE-II and DENIS catalogues. We cross-identified OGLE-II stars with the DENIS catalogue entries using the most permissive (3σ) position errors in each catalogue (Section 4). Given the crowded nature of the fields towards the Galactic Centre, it is likely that several OGLE-II high proper motion stars have been mis-identified in the DENIS catalogue, and consequently in the 2MASS catalogue. There are 8 stars in Table 4 which have both the positional difference between the OGLE-II and DENIS, and between the DENIS and 2MASS positions less than 1 arcsec. Ignoring possible co-ordinate reference frame offsets between the catalogues, these 8 high proper motion stars are least likely to have been misidentified in the IR catalogues based on position alone. These stars, with Unique ID (UID) numbers 7, 9, 16, 19, 29, 40, 43, 44 (See Table 4 ) have been indicated with a star symbol in the first column of both Tables 3 and 4. Correctly cross-identified stars should have consistent magnitudes as well as position. We computed the difference between the J and Ks DENIS and 2MASS magnitudes for this set of 8 stars. The error in the magnitude difference is taken to be the sum in quadrature of the photometric errors. The DENIS and 2MASS J magnitudes are consistent at the 1σ level for all stars except stars 7 and 9, which differ by 2.5σ and 3.4σ respectively. Stars 16, 29, 43 and 44 have DENIS and 2MASS Ks magnitudes consistent within 1σ; stars 9, 19 and 40 differ in Ks by 1.7σ, 1.3σ and 1.1σ respectively and no DENIS Ks magnitude is available for star 7. Carpenter (2001) gives relations for transforming DENIS Ks magnitudes and J − Ks colour to the 2MASS photometry system. The transformation produces a shift of < −0.02 mag on the DENIS J and Ks magnitudes. Including this photometry transformation results in the < 1σ consistency between DENIS and 2MASS magnitudes as above except for star 44 which has J band magnitudes different by 1.1σ, and stars 9, 19, 29 and 40 which differ in Ks by 2.0σ, 1.2σ, 1.1σ and 1.3σ respectively. Phan-Bao et al. (2001) however notes that the Carpenter (2001) photometry transformations were derived using a small fraction of the total DENIS data. The increased disagreement between 2MASS and DENIS magnitudes arising from the application of these transformations may therefore be not significant. We note that blending within the seeing disks of both the 2MASS and DENIS experiments may account for small differences in photometry.
DISCUSSION
We therefore claim that stars 16, 19, 29, 40, 43 and 44 have been correctly cross-identified between the OGLE-II, DENIS and 2MASS catalogues, based on their consistent position and magnitudes which agree to within 1.3σ. The entries for these 6 stars are indicated by a dagger symbol in Tables 3 and 4 .
The absolute J band magnitude, MJ, and I − J colour for these 6 stars is shown in Figure 6 , along with the photometry of late M-type and brown dwarf stars from Dahn et al. (2002) . The absolute magnitude for the high proper motion stars is computed using the photometric distance estimates, d, and 2MASS J band magnitudes in Table 4 . Large errors on the MJ values exist, largely arising from the uncertainly in photometric distance. Phan-Bao et al. (2001) noted that there is a significant scatter in the late type M-dwarf colourluminosity relation of approximately ±1 mag which corresponds to an average random error on every star of ∼ 45%. Phan-Bao et al. (2001) also find that a polynomial fit to the absolute I-band magnitudes as a function of I − J colour of their sample is up to ∼ 1 mag lower than the theoretical luminosity model of Baraffe et al. (1998) . This difference is greatest for colours 1.4 I − J 2.0, which encompasses the majority of M-dwarf stars in our sample. If the theoretical luminosity, MI is overestimated by 1 mag for these stars, this corresponds to a systematic ∼ 60% underestimate of d. The lower errors on distance in Table 4 were computed from the sum in quadrature of the error due to DENIS I-band photometric uncertainties and the statistical scatter in the luminosity function. The upper distance error also includes in quadrature the systematic 60% uncertainity due to the possible underestimate in d arising from the theoretical luminosity model of Baraffe et al. (1998) .
The colour and magnitude of the OGLE-II high proper motion stars in Figure 6 suggests the continuation of a well-defined trend seen in the cool dwarf data from Dahn et al. (2002) . The two bluest (and earliest) dwarf stars in Dahn et al. (2002) have a spectral type of M6.5. All the OGLE-II nearby candidate stars are blue-ward of this, suggesting spectral types earlier than M6.5.
The I−J,V −I colour-colour diagram for this subsample of 6 stars is shown in Figure 7 . The colours of these stars are consistent with the model colours from Baraffe et al. (1998) , and continues the trend observed in the Dahn et al. (2002) data. We estimate the masses of these stars to be 0.1M⊙ -0.3M⊙.
The star which has DENIS colour and magnitude consistent with a nearby white dwarf does not have a counterpart in the 2MASS catalogue within 5.9 arcsec. Table 4 and text). The photometric data for late M-type stars from Dahn et al. (2002) are shown as circles and that for stars with later spectral type are shown as squares.
None of the members in the sample of candidate nearby (d < 50 pc) high proper motion OGLE-II stars has corresponding entries in the Catalogue of Nearby Stars (CNS3, Gliese and Jahreiß 1991) or the catalogue of Woolley (1970) . Both catalogues have a distance limit of 25 pc. Two stars in the set of 6 best-quality candidate nearby stars have distances within 25 pc (stars 9 and 16, see Table 4 ), however their absence from the CNS3 catalogue suggests that this is the first distance estimate for these stars. None of these stars have corresponding entries in the Hipparcos/Tycho catalogue (Perryman and ESA 1997) . However, we note that the Hipparcos limiting magnitude is V = 12.4 and the catalogue is complete down to V = 7.3 -9.0 mag (depending on colour) (Perryman et al. 1997) . The Tycho catalogue has a limiting magnitude of V = 11.5 and is (99.9%) complete to V = 10.0 . The V band magnitudes of the candidate nearby stars (d < 50 pc) in the OGLE-II high proper motion sample are V 15, too faint for Hipparcos. We note that stars 13, 28 and 42 in Table 4 have photometric distances d < 10 pc. This discovery of new nearby stars, if correct, is exciting. However, the closest DENIS counterparts to these OGLE-II HPM stars are at 3.01, 3.72 and 3.01 arcsecs respectively. Given the crowded nature of the Galactic bulge fields, mis-cross-identification remains a possibility that cannot be ruled out without higher resolution imaging of and around these stars.
CONCLUSION
The large scale microlensing survey conducted by the OGLE-II collaboration has produced proper motions for a large number of stars towards the Galactic Centre. A sample of stars with high proper motions µ > 50 mas yr −1 was extracted and cross-identified with the DENIS infrared survey database. Stars were identified as either G/K or M dwarf stars based on their DENIS I-band magnitude and I − J colour. Photometric distance estimates were derived using theoretical luminosity functions for the appropriate stellar type.
Nearby M-dwarf stars with photometric distances d < 50 pc were selected and cross-indexed with the 2MASS catalogue. A set of 6 high proper motion stars had corresponding positions in the DENIS catalogue within 1 arcsec, crossidentified themselves with entries in the 2MASS catalogue within 1 arcsec. The DENIS and 2MASS J and Ks magnitudes of these stars are consistent to within 1.3σ. The absolute J band magnitude MJ and I − J colour of these 6 stars continues a well-defined trend seen in the sample of late type nearby M and L dwarfs given in Dahn et al. (2002) . Large uncertainties exist on the photometric distance estimation, arising from the observed intrinsic scatter in the luminosity and colour of M-dwarfs and the possible systematic overestimation of these stars' theoretical absolute magnitude. However, the comparison between the I −J colour of these 6 stars and the data from Dahn et al. (2002) suggest that these stars are M dwarfs with spectral type earlier than M6.5. The I − J, V − I colour-colour relationship of these 6 stars clearly continues the trend seen in the Dahn et al. (2002) data, and is consistent with theoretical model predictions from Baraffe et al. (1998) , suggesting masses for these stars approximately 0.1M⊙ -0.3M⊙.
None of the candidate nearby (d < 50 pc) stars appear in the CNS3 or Hipparcos/Tycho catalogues. Most proper motion surveys do not cover the Galactic plane due to the high levels of extinction encountered. Extinction has not been accounted for in this work. While the effects of extinction is expected to be minimal for the nearest stars, extinction is an additional source of uncertainty in the distance estimates for these stars.
The set of 6 nearby dwarf candidates was established by applying stringent cuts on proper motion accuracy and requiring good position and magnitude cross-identification. However, due to the crowded fields in which these stars were found, there remains a risk that these high proper motion stars have been mis-identified with stars in the DENIS and 2MASS catalogues.
It was not possible to derive reliable trigonometric distances to these stars as their location means their astrometric parallax signature is degenerate with that of differential refraction. In order to more accurately determine the stellar type of and thereby distance to these stars, low resolution spectroscopy is required. These stars would be an ideal target for optical or IR spectroscopy. This publication makes use of data products from the Two Micron All Sky Survey, which is a joint project of the University of Massachusetts and the Infrared Processing and Analysis Center/California Institute of Technology, funded by the National Aeronautics and Space Administration and the National Science Foundation.
This research has made use of the VizieR catalogue access tool, CDS, Strasbourg, France. Table 2 : Photometric distance estimation of OGLE-II high proper motion stars with DENIS counterparts. Stars are characterized as G/K-dwarfs based on DENIS I − J colour, and distance estimate, d, determined using the theoretical luminosity model of Lejeune et al. (1997) . Up to four distance estimations are given, corresponding to metallicities [Fe/H] = 0.0, -1.0, -2.0 and -2.5; however more weight should be given to the first two distance estimates, see text. Columns 1-2 are the OGLE-II field number and star ID. µ l , µ b are the proper motions in Galactic longitude and latitude directions from the OGLE-II high proper motion catalogue. Table 3 : Photometric distance estimation of OGLE-II high proper motion stars with DENIS counterparts. Stars are characterized as M-dwarfs based on DENIS I − J colour. The distance d is determined using the theoretical luminosity model of Baraffe et al. (1998) for a solar metallicity star with errors derived from the uncertainty in the reported I-band magnitudes. Columns 1-2 are the OGLE-II field number and star ID. µ l , µ b are the proper motions in Galactic longitude and latitude directions from the OGLE-II high proper motion catalogue. See Section 7 for an explanation of the star and dagger symbols in column 1. J172934.5-400033 Table 4 . Nearby (d < 50 pc) OGLE-II high proper motion stars cross-identified with entries in the 2MASS catalogue. Stars are characterized as M-dwarfs based on DENIS I − J colour. The distance estimate, d, is determined using the theoretical luminosity model of Baraffe et al. (1998) . Error values are derived from random photometric errors, statistical colour-luminosity scatter and systematic offset of the theoretical luminosity model, see text. ∆θ and ∆φ are the differences in star position between the OGLE-II and DENIS catalogues and the DENIS and 2MASS catalogues respectively. See Section 7 for an explanation of the star and dagger symbols in column 1. 
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